INTRODUCTION
Prenatal illicit drug exposure has been documented to disturb the structure and function of an infant's central nervous system (CNS) resulting in increased excitability, poor state regulation, abnormal motor ability, decreased rates of habituation, decreased ability to orient, and inconsolability in the neonate. 1 -13 The behavioral characteristics, irritability, and state liability that result from prenatal drug exposure greatly increase the risk for failed mother-infant interactions.
14 Prenatal cocaine exposure has been shown to increase heart rate in neonates. 15 In addition to decreased duration of sleep states and an increased frequency of state changes, infants exposed to cocaine demonstrate greater sympathetic responses to stimuli, including increases in heart rate. 15 Drug-exposed infants continue to have significantly greater heart rate variability during sleep at 2 weeks of age and greater autonomic instability 6 weeks after birth. 1, 16 Autonomic instability may extend to feeding difficulties and an increased risk of SIDS. 17, 18 It has been argued that a strong, significant correlation between infant behavioral state (IBS) and pulse rate (PR) is indicative of a well-integrated autonomic nervous system in normal infants. 19 -24 We investigated whether this correlation would or would not be found in infants prenatally exposed to illicit substances after administration of a nonpharmacologic intervention. We hypothesized that a multisensory stimulation, known as auditory, tactile, visual, vestibular (ATVV) intervention would improve behavioral state organization and autonomic function in infants prenatally exposed to illicit substances as measured by IBS and PR. 25 The twofold purpose of this study was (1) to identify and compare IBS and PR responses of infants prenatally exposed to illicit substances to those responses of nonexposed infants after multisensory intervention and (2) to determine whether short-term application of ATVV intervention can modify IBS in prenatally drug-exposed infants.
MATERIALS AND METHODS Setting
The study was conducted on the Family Centered Care Unit at the University of Illinois at Chicago Medical Center where 5400 deliveries were performed annually. Approval from the Institutional Review Board was obtained before commencement of the study.
OBJECTIVE:
Compare responses of nonexposed and drug -exposed newborns to auditory, tactile, visual, and vestibular ( ATVV ) intervention.
STUDY DESIGN:
Prospective design with random assignment of drug -exposed ( N = 45 ) and nonexposed ( N = 72 ) newborns to control and experimental groups.
METHODS:
Experimentals received 15 minutes of ATVV twice after birth. Infant behavioral state ( IBS ) and pulse rate ( PR ) were measured.
RESULTS:
The nonexposed and drug -exposed control groups ( p = 0.021 ) differed on the distribution of IBS yet no differences were noted between the two experimental groups. Nonexposed and drug -exposed experimentals experienced more alertness and less quiet sleep than controls ( p < 0.05 ). PR and IBS were significantly correlated for all but the drug -exposed control group ( nonexposed control, r = 0.938, p = 0.006; nonexposed experimental, r = 0.979, p = 0.001; drug -exposed experimental, r = 0.955, p = 0.003 ). Within the combined ( control + experimental ) drug -specific groups, only polydrug -exposed infants demonstrated such a correlation ( r = 0.584, p = 0.046 ). A significant correlation was also identified within the cocaineexposed group for the experimentals only ( r = 0.992, p < 0.001 ).
CONCLUSION:
The ATVV promoted normal physiologic and behavioral function. Original Article
The sample consisted of 72 nonexposed and 45 prenatally drugexposed 24-to 48-hour-old neonates with a gestational age of 35 to 41 weeks. Infants were excluded from the study if greater than 48 hours old, had symptoms of active withdrawal, were likely to be discharged before completion of the second ATVV intervention, had congenital malformations, or required medications, treatments or intensive/intermediate care. 26 -28 Infants were randomly assigned to either the control or experimental group using a random numbers table. The sample consisted of the following: nonexposed control (n=29), nonexposed experimental (n=43), drug-exposed control (n=21), and drug-exposed experimental (n=24).
Type of maternal drug use was confirmed in all but three cases by a positive maternal urine drug toxicology screen obtained prenatally or at the time of delivery. Of the three unconfirmed cases, one infant had a positive drug toxicology screen at birth, whereas the other two cases had well-documented histories of previous prenatal drug use and confirmation through maternal self-report. Each drug-exposed infant was then grouped into one of three classes of drug exposure: cocaine, opiate (heroin and/or methadone), or polydrug exposure.
The mothers of the nonexposed and drug-exposed study infants were similar in age, race, number of living children, prenatal weight gain, and income level. Significant differences between substance-using and non-substance-using mothers were noted for receipt of prenatal care Table 1 ]. Mothers in the substance abusing group received less prenatal care than nonsubstance mothers, had less prenatal visits, had fewer years of education, and were more likely to be unemployed. Within the substance-using maternal group, mothers who were enrolled in methadone maintenance programs (MMPs) during their pregnancies were more likely to receive prenatal care than nonenrolled heroin users ( p=0.019); however, they were no more likely to receive prenatal care than mothers who reported only using cocaine. Mothers participating in MMPs tended to participate in parenting classes more often than either heroin or cocaine using mothers, although this trend did not reach statistical significance (Table 1) .
INSTRUMENTS ATVV Intervention
The ATVV intervention is a 15-minute procedure consisting of infant-directed talk (auditory), 10 minutes of light stroking/infant massage (tactile), eye-to-eye contact during alert periods (visual), and vertical rocking of the swaddled infant for the 5 minutes postmassage (vestibular). The auditory stimulus persists throughout the entire intervention period, consisting of the research assistant talking to the infant in a soft, high-pitched voice, with intermittent pauses. As in our previous research, the ATVV intervention was continuously modified based on both the infant's physiologic and/or behavioral cues. 29 
Infant Behavioral State
Observations of IBS (i.e., quiet sleep, active sleep, drowsy, quiet alert, active alert, crying, and indeterminate state) were made and documented every minute throughout the entire data collection period by a research assistant, trained to reliability. 30 -33 For 25% of the observations, a second research assistant independently judged IBS to ensure reliability. Interrater reliability was maintained at a level of greater than 85% throughout the study. To assure blindness to group assignments, the research assistants wore soundproof headphones and were visually obscured (by a screen) from the researcher performing the ATVV. The ATVV was transiently stopped for 5 seconds before each IBS observation to allow for repositioning of the experimental group infants in an attempt to assure an unbiased IBS assessment.
Autonomic Function PR and pulse waveform were continuously recorded with a pulse oximeter (Novametrix 515A, Wallingford, CT) and downloaded to the Gould TA 2000 recording system (Gould Instruments, Cleveland, OH). A reliable signal was confirmed by pulse waveform before initiation of data collection. PR data recording began 5 minutes before initiating the experimental protocol and ended 30 minutes after completion of the experimental protocol (51 minutes total). To assure reliability of the PR recordings, heart rate was also simultaneously recorded (on the Gould recording system) for 25% of the recordings. Correlation of HR and PR was strong and statistically significant (r=0.603, p=0.0001; reliability of heart rate and PR also calculated as 1.99 bpm).
PROCEDURE
The medical records of all newborns admitted to the normal newborn nursery were reviewed by a hospital staff member for potential inclusion into the study. The hospital staff member asked the mother's permission for a research staff member to approach her for consent. A research team member then approached mothers of potential candidates and the study was explained. After informed consent was obtained, information on maternal demographics, obstetrical complications, infant status, and postnatal complications was gathered from the maternal and infant medical records. Mothers were interviewed to clarify information in the medical record and to elicit information regarding the history and type of substance use. The nonexposed and the drug-exposed infants were then assigned to the control (nonexposed control or drug-exposed control) or experimental (nonexposed experimental or drug-exposed experimental) groups through the use of a random numbers table.
For purposes of this research study, data collection was performed in a room adjacent to the newborn nursery that had minimal lighting and sound distraction. Newborn nursery and medical staffs were unable to observe or hear the researchers during data collection and were blinded to the infant's group assignment. Mothers were invited to observe the data collection sessions.
The ATVV intervention was administered to the nonexposed and drug-exposed experimental infants twice within 12 hours beginning 24 to 36 hours after delivery. The IBS and PR measures were collected for a total of 51 minutes: 5 minutes before initiation of the ATVV (baseline), during the 15 minutes of ATVV intervention (intervention), and for 31 minutes after the intervention (postintervention). An additional minute was gained during the 15 minutes of intervention because the intervention was halted every 2 1/2 minutes to allow for blind judging of IBS. The postintervention period was further divided into the immediate postintervention period (the 60 seconds after the intervention ceased) and the extended postintervention period (the 30 minutes after the immediate postintervention period). The IBS observations and PR recordings were collected identically for the nonexposed control and drugexposed controls. To maintain blind independent observations, all infants were covered with a blanket and placed in a supine position for the observation of IBS. For each infant, the session with the least missing values (of the two) was used in the final analysis of the physiologic variables. For all correlational analyses, the run with the least number of missing PR data was correlated with the IBS for that run. The distribution of IBS across groups were compared for the first session only, so as to eliminate the possibility of data confounded by a previous administration of the ATVV.
DATA ANALYSIS
Our previous research with infants diagnosed with periventricular leukomalacia indicated that in response to ATVV intervention, the achievement of a drowsy state was a reliable sign of emerging alertness. 34 Therefore, in the present study, states 1 (quiet sleep) and 2 (active sleep) were analyzed separately, whereas states 3 (drowsy), 4 (quiet alert), and 5 (active alert) were combined into one IBS category: alert. Crying and the indeterminant states were recorded as states 6 and 7, respectively. To analyze the IBS data, the four nontransitional behavioral states (quiet sleep, active sleep, alert, and crying) were initially analyzed as frequency counts and a chi-square analysis was conducted. The frequency counts were then converted into row percentages for each of the four observation periods: baseline, intervention, immediate postintervention, and extended postintervention. A one-way ANOVA was conducted using the percent of infants in each IBS category during each of the four observation periods. Separate analyses were conducted to compare the IBS responses of the control versus experimental groups, of nonexposed and drug-exposed infants, and for control versus experimental groups by specific type of drug exposure (i.e., cocaine only, opiate only, and polydrug). 35 PR data were first converted from binary to digital form (ASCII), edited using a custom made Borland C+ + program, and then condensed into 5-second averages. After this procedure, the PR data for each infant were individually reviewed and subjected to an exclusionary screening procedure; when greater than 20% of the physiologic data were missing (due to movement artifact), the entire 51-minute observation session was excluded from the analysis. To determine if a correlation existed between PR and IBS, PR averages were calculated that corresponded to each postbaseline IBS rating, resulting in 46 PR averages per infant. A secondary analysis was conducted using bivariate correlations for the combined control and experimental groups of infants by type of drug exposure.
RESULTS

Infant Behavioral State
The descriptive analysis of the sleep and alert state distributions across the four observation periods are depicted graphically in Figures  1-4 . No exposure group differences were identified for crying (mean=6% for drug-exposed versus 11% for nonexposed infants) or indeterminant states (mean=12% for both groups). These percentages were approximate for each of the four time periods. White -Traut et al.
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Comparison of control versus experimental groups. Chisquare analysis of the differences in the distribution of IBS across the four observation periods were identified between the nonexposed control and experimental infants [ 2 (1, n=72)=75.61, p=0.000]. Comparisons of the nonexposed control and experimental groups revealed that these groups were behaviorally similar at baseline (Figures 1 and 2 ), but that the experimental group experienced a significant decrease in quiet sleep [F(1,70)=14.83, p=0.000] and an increase in alertness [F(1,70)=5.18, p=0.026] during the intervention. The nonexposed infants who received the ATVV intervention had 19% more alertness during the intervention period than did the nonexposed control infants during the same period of observation. The differences in alertness between the nonexposed experimental and control infants lost statistical significance in the postintervention period.
Chi-square analysis of the differences in the distribution of sleep and alert states across the four observation periods identified differences between the drug-exposed control and experimental infants [ 2 (1, n=45)=65.62, p=0.000]. When the distribution of IBS was investigated by observation period, an unexpected difference was noted between the two drug-exposed groups at baseline, with the control group experiencing significantly more quiet sleep [F(1,45)=5.19, p=0.028]. A trend toward an increased proportion of time spent in alert states ( p=0.051) was noted in the experimental group during baseline (Figures 3 and 4) . (Figures 1 and 3) . Additionally, the drug-exposed control infants exhibited more active sleep than their nonexposed counterparts during the time that their experimental counterparts received ATVV intervention [F(1,49)=9.35, p=0.004]. These differences in active sleep dissipated in the immediate postintervention period.
Comparison of non-drug and drug-exposed experimentals. Although the nonexposed and drug-exposed experimental infants were behaviorally similar across the four observation periods ( Figures  2 and 4) , comparisons at baseline indicated a trend toward greater active sleep ( p=0.092) for the drug-exposed experimental group. During and after the ATVV intervention, there were no differences detected in the IBS distribution of the two groups of experimental infants.
Behavioral State and Pulse Rate Correlates
A strong, significant correlation between PR and IBS was found for the combined group of nonexposed infants (r=0.840, p=0.001) whether they were assigned to the control (r=0.938, p=0.006) or experimental group (r=0.979, p=0.001). When data from all the infants within both the control and experimental drug-exposed groups were combined (drug-exposed control+drug-exposed experimental), a moderate correlation between PR and IBS was found (r=0.760, p=0.004). Individually, a significant correlation was identified for the drug-exposed experimental infants (r=0.955, p=0.003), but not for the drug-exposed control infants. (See Table 2 for mean PR by group and observation period.)
To determine if a difference in PR and BS existed by type of drug exposure, data from both groups of drug-exposed infants were combined (drug-exposed control+drug-exposed experimental) and then separately analyzed. The three types of drug exposure included: cocaine exposed infants, n=19; opiate exposed infants, n=8, and polydrug-exposed infants, n=15. No correlation between PR and BS was found for the cocaine-exposed infants. Opiate-exposed infants had a moderate but nonsignificant correlation (r=0.664, p=0.073). Only the combined group of polydrug-exposed infants had a moderate significant correlation between PR and BS (r=0.584, p=0.046). Finally, separate correlations of PR and BS were conducted for the drug-exposed control and drug-exposed experimental infants by drug exposure category. PR and BS were significantly correlated only for the cocaine exposed experimental infants (r=0.992, p=0.000).
DISCUSSION
Despite the exclusion of infants exhibiting symptoms of drug withdrawal, the significant differences between the nonexposed and drug-exposed control infants suggest that the two control groups were behaviorally dissimilar. Drug-exposed infants in this study responded to the ATVV intervention with a change in IBS that approximated nonexposed experimental group infants. Our data suggest that drug exposure alone, independent of symptomatic clinical withdrawal, results in alterations in IBS, and suggests that the ATVV intervention modified the behavioral responses of drugexposed experimental infants similar to that seen in nonexposed experimental infants. The nonexposed experimental infants exhibited greater alertness compared to the drug-exposed experimental infants but this did not achieve statistical significance. The greater alertness seen in the experimental infants after ATVV further supports the previously reported ability of the ATVV intervention to enhance both autonomic and behavioral function in infants. 34, 35 Of particular note in this study was the finding that the behavior of the drug-exposed experimental infants became comparable to the nonexposed experimental infants both during and for 31 minutes after the administration of the ATVV intervention. This finding suggests that even a short-term delivery of the ATVV intervention modified the behavior of drug-exposed infants. The ability of the ATVV intervention to promote optimal behavior in drug-exposed infants is of significant clinical value. Behavior patterns of drug-exposed infants have previously been correlated to specific drug exposure, time of last dose, dosage, and duration of prenatal exposure. 36 -38 Previous research on cocaineexposed preterm infants who received tactile/kinesthetic stimulation noted fewer stress behaviors, a tendency for better orientation performance and more mature motor abilities on the Brazelton. 39 Although earlier research noted the differences in behavioral state organization between drug-exposed infants and nonexposed infants, no research has compared these two groups of infants on their responses to a multisensory intervention. 11, 40, 41 The data from this present study documents the ability of the ATVV to modulate the IBS of drug-exposed infants to approximate the IBS of nonexposed infants thereby optimizing autonomic and behavioral function. Irritability and behavioral problems are significant clinical problems concerning the long-term care of drug-exposed infants. Successful nonpharmacological management that pertains to these issues has yet to be identified.
Despite excluding infants who were diagnosed with active withdrawal, the data suggest that ''nonsymptomatic'' drug-exposed infants demonstrate an altered behavioral organization or perhaps subclinical withdrawal. Support for this is evidenced by the increased percentage of active sleep and elevated PRs that were seen in this study. These findings are consistent with previous reports of tachycardia in drug-exposed infants. 15, 42, 43 The converging of the IBS distributions of the drug-exposed and nonexposed groups suggests that the ATVV intervention improved behavioral organization and may be used to modulate IBS before clinical withdrawal begins. Further, the shift in IBS may negate the behavioral effects of drug exposure and potentially enhance infant behavior and patterns of interaction between child and caretaker. Further research is needed with infants experiencing withdrawal to identify whether use of the ATVV intervention would be beneficial in ameliorating the symptoms of clinical withdrawal and improving patterns of mother-infant interaction.
In contrast to the well-described neonatal abstinence syndrome seen with opiate withdrawal, a neonatal cocaine abstinence or withdrawal syndrome has not been clearly defined. 44 Numerous studies have previously concluded that cocaine exposure may disrupt both CNS and ANS structure and function. 11, 40, 41 Cocaine inhibits reuptake of dopamine, serotonin, and norepinephrine at adrenergic nerve endings, thereby potentiating sympathetic nervous system activity. 10, 45, 46 Given the lack of reuptake of these monoamines, cocaine exposure disproportionately impacts areas of the brain that are monoaminergic-rich, including areas that are associated with arousal and attention. These structural and neurotransmitter deficits may result in later neurobehavioral dysfunction, including difficulty with regulation of arousal and attention, impaired motor skills, and learning potential. 1,6,10,45,47 -56 The results of this study suggest that autonomic and behavioral function is disrupted in cocaine-exposed infants, as evidenced by the lack of correlation between PR and IBS in the control infants. When IBS-PR correlations were calculated by exposure group, a significant correlation between PR and IBS was noted within the cocaineexposed experimental and not the control infants, suggesting that ATVV is beneficial in restoring autonomic and behavioral function on a short-term basis. Whereas supportive and pharmacological therapy has been well documented in the treatment of infants experiencing opiate withdrawal, the ATVV may be an appropriate means of therapy in ameliorating the autonomic instability found in cocaine-exposed infants.
Although the results from this study are encouraging, there are inherent limitations in this study. The present research was conducted on a small sample of infants and only over a 12-hour period during early postnatal life when many physiologic and behavioral adjustments are normally occurring. The mothers who chose to participate in the study may be inherently different from the group of mothers who refused to participate. The inherently fictitious histories in this type of population may have resulted in confounding of the results for the drug-exposed and nonexposed infants. References in the literature and clinical experience have shown that maternal self-reports of drug usage are unreliable. Because routine meconium toxicology tests were not performed on all infants, infants were considered ''nonexposed'' if maternal and/or infant urine toxicology was negative and/or if screening of the medical record failed to document a history of drug use during the pregnancy. Indeed, although efforts were made to control for this factor, this may or may not have been a valid assessment of exposure in every case. In addition, because the concentration and purity of street drugs is highly variable, infants may have been exposed to different drug ''doses'' or other substances that affect behavior. Increasing the sample size of the drug-exposed groups would minimize these potential factors. Finally, although each infant was randomized to a treatment group, treatment group differences were noted for the proportion of time spent in each of the behavioral states for the drugexposed infants. Despite extensive descriptive analysis, these differences could not be attributed to a persisting confounding factor.
It is not known how neurobehavioral function evolves over the first 3 months of life in infants prenatally exposed to elicit substances. 57 Further research is needed to determine whether extending the ATVV intervention throughout the early neonatal period could improve neurobehavioral function and positively impact physiologic and behavioral function on a long-term basis. Success with long-term use may lead to changes in policy regarding the standard of care in foster care facilities.
